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Description 

This invention relates to a multiple lumen cath- 
eter and more particularly to such a catheter for 
insertion into a vein of a patient to be used in 
haemodialysis treatments. The invention also re- 
lated to methods for manufacturing the multiple 
lumen catheter. 

Multiple lumen catheters have been available 
for many years for a variety of medical purposes. It 
is only in recent years, however, that such cath- 
eters have been developed for use in 
haemodialysis. The general form of multiple lumen 
catheters goes back to as early as 1882 when 
Pfarre patented such a catheter in the United 
States under Serial No. 256.590. This patent teach- 
es a flexible dual lumen catheter which is used 
primarily for cleaning and drainage of. for example, 
the bladdar, rectum, stomach and ear. In this type 
of catheterization, the catheter is introduced into an 
existing body orifice without the use of any punc- 
turing needle or guidewire. 

More recently, a catheter was developed and 
patented by Blake et al under U.S. Patent No. 
3 634.924. TWs 1972 patent teaches a double 
lumen cardiac balloon catheter which is introduced 
into a large vein and the balloons inflated to control 
the flow in the vein. The catheter can in fact be 
placed by using the balloon as -sails" to move with 
the blood into or through the heart to a position 
where the catheter takes up its intended function. 
This patent used two lumens and teaches a meth- 
od of making a tip which involves the use of a plug 
and a wire which retains the shape of one of the 
lumens during formation of the tip in a moulding 
technique. 

Further patents which teach multiple lumen 
catheters for general use include the following U.S. 
patents: 701.075; 2,175.726; 2.819,718; 4,072.146; 
4,098.275; 4,134,402; 4.406,656 and 4.1 80,068. 

Vascular catheter access by surgical cut-down 
techniques has been known to the medical profes- 
sion for many years and, in fact, can be traced 
back to the 17th century. However, it was only with 
the introduction of the Seldinger technique in 1953 
or thereabouts that a new approach could be used 
to improve vascular access. This technique was 
taught in an article published by Seldinger resulting 
from a presentation made at the Congress of the 
Northern Association of Medical Radiology at Hel- 
sinki in June of 1952.. The technique essentially 
involves the use of a hollow needle to make an 
initial puncture and then a wire is entered through 
the needle and positioned in the vessel. The nee- 
dle is withdrawn and the catheter is entered per- 
cutaneous* over the wire which is later withdrawn. 
With this technique it became possible to make 
less traumatic vascular access and has now be- 



come the accepted method of performing access 
in numerous medical techniques. One of these 
techniques which has been the subject of much 
research and development, is haemoolarysis. 

5 Haemodialysis can be defined as the tempo-, 

rary removal of blood from a patient tor the pur- 
pose of extracting or separating toxins therefrom 
and the return of the cleansed blood to the same 
patient. Haemodialysis is Indicated In patients 

to where renal Impairment or failure exists, that Is, In 
cases where the blood is not being property or 
sufficiently cleansed, (particularly to remove water) 
by the kidneys. 

In the case of chronic renal irripairrnent or 

75 failure, haemodialysis has to be carried out on a 
repetitive basis. For example, in end stage kidney 
disease where transplantation of kidneys n°* 
possible or for medical reasons is contra-indicated, 
the patient will have to be dialysed about 100 to 

20 150 times per year. This can result In several 
thousand accesses to the blood stream to enable 
the active haemodialysis to be performed over the 
remaining life of the patient 

Towards the end of 1960, Dr. Stanley Shaldon 

25 and colleagues developed, in the Royal Free Hos- 
pital in London. England, a technique for 
haemodialysis by percutaneous catheterization of 
deep blood vessels, specifically the femora) artery 
and vein. The technique was described in an article 

ao published by Dr. Shaldon and his associates In the 
October 14th, 1961 edition of The Lancet at Pages 
857 to 859. Dr. Shaldon and his associates devel- 
oped single lumen catheters having tapered tips for 
entry over a Seldinger wire to be used In 

35 haemodialysis. Subsequently, Dr. Shaldon and his 
colleagues began to insert both inlet and outlet 
catheters in the femoral vein and this was reported 
in the British Medical Journal of June 19th, 1963. 
The purpose of providing both inlet and outlet 

40 catheters in the femora! vein was to explore the 
possibility of a "self-service" approach to dialysis. 
Dr. Shaldon was subsequently successful in doing 
this and patients were able to operate reasonably 
normally while carrying implanted catheters which 

45 could be connected to haemodialysis equipment 
periodically. 

Some use was made of a flexible dual lumen 
catheter inserted by surgical cut-down as early as 
1959. An example of such a catheter is that of 

60 Mcintosh and colleagues which is described in the 
Journal of the American Medical Association of 
February 21. 1959 at pages 137 to 138. In this 
publication, a dual lumen catheter is made of non- 
toxic vinyl plastic and described as being inserted 

55 by cut-down technique into the saphenous vein to 
the inferior vena cava. 

The advantage of dual lumen catheters in 
haemodialysis is that only one vein access need be 
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affected to establish continued dialysis of the 
blood, because one lumen serves as the conduit 
for blood llowing from the patient to the dialysis 
unit and the other lumen serves and a conduit for 
blood returning from the dialysis unit to the patient 
This contrasts with prior systems where either two 
insertions where necessary to place the two cath- 
eters as was done by Dr. Shaldon, or a single 
catheter was used with a complicated dialysis ma- 
chine which alternately removed blood and re- 
turned cleansed blood. 

The success of Dr. Shaldon in placing cath- 
eters which will remain in place for periodic 
haemodialysis caused further work to be done with 
different sites. Dr. Shaldon used the femoral vein 
and in about 1977 Dr. Uldall began clinical testing 
of a subclavian catheter that would remain in place. 
An article describing this was published by Dr. 
Uldall and others in Dialysis and Transplantation. 
Volume 8. No. 10. in October 1979- Subsequently 
Dr. Uldall began experimenting with a coaxial dual 
lumen catheter for subclavian insertion and this 
resulted in Canadian Patent No. 1.092.927 which 
issued on January 6. 1981. Although this particular 
form of catheter has not achieved significant suc- 
cess in the market-place, it was the forerunner of 
dual lumen catheters implanted in the subclavian 
vein for periodic haemodialysis. 

The next significant step In the development of 
a dual lumen catheter for haemodialysis is Cana- 
dian Patent No.1. 150.1 22 to Martin who produced a 
catheter which achieved some commercial suc- 
cess. Trie catheter avoided the disadvantages of 
the Uldall structure. 

A subsequent development is shown m U.S. 
Patent No. 4,451.252 also to Martin. This utilizes 
the well known dual lumen configuration in which 
the lumens are arranged side-by-side separated by 
a diametric septum. The structure shown in this 
patent provides for a tip making it possible to enter 
a Seldinger wire through one of the lumens and to 
use this wire as a guide for inserting the catheter 
percutaneously. Patents to this type of structure 
followed and include European Patent Application 
to Edelman published under No. 0 079 719. U.S. 
Patents No.s 4.619.643. 4,583.968. 4.568.329. and 
U.S. Design Patent No. 272,651. U.S. Patent 
4,682.978 discloses a catheter as defined in the 
preamble of present Claim 1 . 

There have been a number of problems asso- 
ciated with the manufacture of dual lumen cath- 
eters from extrusions in which the lumens are 
placed side-by-side and separated by a septum. A 
notable problem lies in the fact that the end or tip 
of the catheter has to be formed with a wire m one 
lumen by deforming the material from one side 
towards the center of the catheter. The wire will 
retain stored energy as It is displaced sideways to 



the centre of the tip so that as soon as, the tip is 
removed from the mould, the wire will tend to 
return to an inline position thereby deforming the 
tip away from the center. Also, because the ma- 

6 terial forming the tip is either obtained by inserting 
fillers or the like, ft is of an asymmetric cross- 
section so that, on cooling, there will be shrinkage 
effects again tending to deform the tip. Because it 
is desirable to retain the tip in a concentric relation- 

io ship with the axis of the catheter, these disadvan- 
tages have become noticeable in products made 
according to some of the aforementioned patents. 

One approach to solving the problem of creat- 
ing a tip is to be found in U.S; Patent No.4.543,087 

is to Sorhmercom. This patent teaches the use of a 
separate moulded tip which is inserted into the end 
of an extrusion to provide the necessary flow paths. 
However, although the tip has resulted in significant 
commercial success, it does have the disadvantage 

20 that the tip must be inserted into the lumens with 
resulting discontinuity in the flow path of the return 
lumen because the Wood must meet the end of the 
insert and pass into an opening through the insert 
which is of smaller cross-section than the lumen 

26 Itself. 

All of the above examples of haemodialysis 
catheters suffer from the disadvantages that they 
can not be used readily for intravenous injection of 
liquid medication. A person who is using 

30 haemodialysis therapy with a dual lumen catheter 
will have to receive a needle for intravenous injec- 
tion when medication of this kind is required. It 
would be. desirable that the catheter not only per- 
form the function of haemodialysis. but also pro- 

35 vide a facility for intravenous injection without fur- 
ther puncturing of the patient's veins. It is one of 
the objects of the present invention to provide such 
a catheter. 

The present invention is also designed to Im- 
40 prove the tip in the catheter so that it will have 
minima! tendency to deform after moulding so that 
the resulting tip will be symmetrical about the axis 
of the catheter. 

The foregoing problems associated with 
45 haemodialysis catheters may in some instances be 
specific to that treatment However, the catheter of 
the present invention, in overcoming the disadvan- 
tages of the prior art of renal dialysis catheters, 
provides a catheter which has utility in other proce- 
so dures. Accordingly, although the present descrip- 
tion is directed to haemodialysis, such use is ex- 
emplary and it will be evident that catheters ac- 
cording to the Invention may be used for other 
procedures. 

55 The invention provides a multiple lumen cath- 

eter as defined in Claim 1. 

These and other aspects of the invention will 
now be described with reference to the accom- 
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panying drawings, in which: 

Fig. 1 is a diagrammatic view of a triple lumen 
catheter according to a preferred embodiment of 
the present invention, inserted into the subcla- 
vian vein of a patient 

Fig. 2 is a diagrammatic perspective view of the 
catheter drawn to a larger scale than than used 

in Fig. 1; ■ _ . 

Fig. 3 is an enlarged sectional view of the distal 
end of the catheter of Fig. 1 drawn on line 3-3 of 

Fig. 2; ' 

Figs. 4 and 5 are enlarged sectional views taken 

on the lines 4-4. 5-5, of Rg. 3. respectively, and 

showing complete sections; 

Fig. 6 is an end view of the catheter in the 

direction generally of arrow 6 of Rg. 3; 

Rg. 7 is a view similar to Rg. 3 of the distal end 

of another embodiment of the present invention; 

Rg. 8 is a sectional view taken on line 8-8 of 

Rg. 7; 

Rg. 9 is, a sectional view of a further embodi- 
ment of the catheter. 

Rg. 10 is a perspective view of a plug for use in 
making yet another embodiment of the catheter; 
Rg. 11 is a sectional view of still another em- 
bodiment of the catheter and using a separate 
bonded tip; and 

Rg. 12 is a sectional view illustrating a different 
method of manufacturing a tip according to the 
invention. _ 
The invention will be described in detail with 
reference to a preferred embodiment to be used 
for haemodialysis. However the drawings and de- 
scription are exemplary of the invention and unless 
otherwise stated, are not intended to be limited by 
its restraints of size and properties dictated by 
haemodialysis procedures. 

Reference is made first to Fig. 1 of the draw- 
ings which illustrates a triple lumen catheter, in- 
dicated generally by reference numeral 20, accord- 
ing to a preferred embodiment of the present in- 
vention, and showing by way of example, a patient 
receiving the catheter in the subclavian vein using 
a Seldinger wire 21. The catheter is to be used for 
haemodialysis treatment and could of course also 
be entered in a similar fashion in the femoral vein. 

The catheter 20 is secured to a conventional 
dressing 22 by an attachment fitting 23 having 
wing tabs 24. and the dressing 22. in turn, is 
secured to the skin of the patient. As shown, the 
catheter 20 passes through the dressing 22 and, as 
can be seen in broken outline, an elongate and 
flexible cylindrical body 26. formed of a polyure- 
thane extrusion, is inserted through the skin and 
into the subclavian vein in the downstream direc- 
tion. The catheter 20 has at its distal end 28 a 
conical tapered tip 29 which is described in greater 
detail below. The other end of the body 26 is a 



generally trident-shaped branching connector 3D. 
which protrudes outwardly from and is secured by 
dressing 22, Cylindrical blood extraction and retarn 
tubes 32, 34 and an intravenous (IV) tube 35 are 
5 attached to the trident-shaped branching connecter 
30. a full description of which is provided beta*. 
For the moment it is sufficient to state that those 
^ tubes are connected to lumens running through ttte 
body 26. 

io Rg- 2 shows the catheter 20 in greater detail. 

The body 26 has at its proximal end the connector 
30 for receiving the blood extraction and refcm 
tubes 32, 34. These tubes terminate at their o*»r 
ends in respective female luer fittings 36, 37 tor 

76 connection to complementary male luer fittings fro* 
shown) leading to a dialysis machine, and «wy 
closure clamps 38 (one of which is shown) to 
selectively close the tubes. 

The IV tube 35 terminates at its outer end m a 

20 luer lock fitting 39 for receiving a syringe or ntfe 
luer lock connector. 

The wing, tabs 24, sometimes known as 
wings, are formed ingetrally with a central * 
portion 40 which can rotate on the body 26 and Is 

2s retained in place by a shoulder on the end of *e 
connector 30 and a second shoulder in a reirtfcwc- 
ing portion 42 so that the catheter 20 can be 
rotated relative to the tabs 24. This rotation is 
sometimes necessary after insertion of the catheter 

30 20 to re-orientate intake side apertures in the cSstel 
end 28 if the apertures happen to be occluded by 
engagement with the wall of the vein. Details of *e 
apertures are provided below. 

As will be described, the reinforcing portion 42 

35 is blended into the body 26 over the length of *e 
portion and assists in strengthening the catheter to 
minimize the likelihood of kinking. Also, the porta 
42 assists in sealing the puncture site where •» 
catheter enters the patient 

40 As will be described in more detail with refer- 

ence to subsequent views, the tube 35 is aligned 
with a central lumen to permit the Seldinger mt9 
21 to pass through the catheter. The wire exits at 
tip 29 which is essentially conical so that the catb- 

45 eter can slide over the wjre and into the patient 
during insertion. The extraction and return tubes 
32, 34 are linked at connector 30 with lumens in 
the body 26 to connect with respective groups ef 
side apertures 44, 45 (some of which can be seen 

so in this view) near the distal end of the catheter 2a 
As a result, when inserted and in use. blood can be 
removed and returned in a closed loop with a 
haemodialysis machine using the tubes 32. 3* 
Between treatments the tube 35 is available lor 

55 intravenous infusion of liquid medicaments. 

Reference is next made to Figs. 3 to 6 of the 
drawings which illustrate the distal end 28 inducing 
tip 29. The body 26 comprises an outer wall 46 
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and an integral septum 48 extending d.ametncalry 
across the body 26 and defining an extraction 
lumen 50 and a return liimen 52. both lumens 
being generally C-shaped in en* 8 - 98 ^ 8 "^, 
tending from the proximal end towards the distal 
end. As best seen in F.g. 4. a bulbous middle 
portion 53 of the septum 48 projects into the 
lumens 50. 52 and contains the intravenous <IV) 
lumen 54 which extends along the longitudinal axis 
of the body portion 26 from the proximal end to the 
distal end. This lumen is an extension of the IV 
tube 35 and is proportioned in this embodiment to 
receive a 0.97 mm (0.038 Inch) diameter Seldmger 
wire- 

The extraction lumen 50 is blocked short of the 
tip 29 by a first insert 56 which is formed of 
polyurethane and bonded in place using a suitable 
solvent such a cyclohexanone. Extraction apertures 
44 are provided in the outer wall 46 of the cylin- 
drical portion 26. just short of the insert 56. to 
permit blood to flow from the patient's vein into the 
extraction lumen 50 and thus through the connector 
30 to the extraction tube 32 and the dialysis ma- 
chine. It should be noted that the apertures 44 are 
conveniently circular but may be of any suable 
shape or size including scaphoid. Also, further ex- 
traction apertures may be provided around the 
lumen 50 as required consistent with the aperture 
nearest the tip being immediately adjacent the in- 
sert 56 to minimize dead spaces. _ . 

The return lumen 52 is similanly blocked by a 
second insert 60 immediately adjacent the last of 
the several return apertures 45. This last aperture 
is pee/ "one* closer to the tip 29 than is the last <rf 
the wnake apertures 44 in the extraction lumen 50 
to minimize the risk of cross flow as referring 
blood finds its way back into the lumen 50. Al- 
though some cross-flow Is not critical excess 
cross-flow will extend the time needed for 

h3 TSt seen in Figs. 3 and 6. the tip 29 is 
smoothly rounded at the end 28 of the catheterand 
tapered gently to facilitate Insertion of the catheter 
20 into a patient As mentioned previously, the 
catheter is intended to be used with a Seld.nger 
wire It is/ therefore, clearly desirable that the ta- 
oered tip 29 be concentric with the axis of the 
body 26 and of the lumen 54. Accordingly, the 
cenfratty located IV lumen 54 extends to the tip 29 
and terminates at a circular IV aperture 64 . 

The catheter 20 is made from , a length of 
cvlindrical polyurethane extrusion forming the cylin- 
drical body 26. The extrusion is cut to the requ.red 
tength and the ends formed by further operatio^ 
The formation of the tapered tip 29 will be de- 
scribed with reference firstly to Fig: 3. foltowedl by 
a description of the formation of the connector 30. 



Before shaping the tapered tip 29. the inserts 
56. 60 are positioned and affixed in the respective 
lumens 50. 52. as shown in Rg. 3. The inserts are 
shaped to the cross-section of the lumens and 

6 affixed as previously described. A cylindrical wire 
66 (shown in chain dotted outline), of correspond- 
ing diameter to that of the guide wire 21 (Fig.2). is 
inserted through the IV lumen 54 to extend from 
the distal end of the tubing which is then located In. 

to a conical tapered mould 68 (shown in chain-dotted 
outline). The extrusion is heated by R.F. and as it 
softens it is pushed into the mould such that the 
outer wall 46 and the septum 48 merge at the tip 
29. The end of the body assumes a conical ta- 

is pered shape with a radiused end and the material 
masses in the lumens 50, 52 terming ends 70, 72. 
The IV lumen 54 retains its internal shape because 
it is supported on the wire 68- The now tapered tip 
is cooled to some extent and then removed from 

20 the mould 68 and allowed to cool further and 
harden. 

The deformation of the tip results in a thicken- 
ing of the outer wall 46 and septum 48 to provide a 
concentration of material substantially exceeding 

25 the concentration of material in the main catheter 
body, and this has the effect of stiffening the tip. 
which facilitates insertion of the catheter. 

Because the wire 66 is not deflected at any 
time from its normal straight condition during the 

so moulding operation, there is no energy stored in 
the wire and consequently there is no tendency for 
the wire to deflect the tip from the desired orienta- 
tion after removal from the mould 68. 

The wire can therefore be left inside the tip 

35 during cooling. The apertures 44. 45 are then cut 
or otherwise formed in the outer wail 46 of the 
body 26. Also/because the extrusion is symmetri- 
cal about the wire, the deformed material at the tip 
will move evenly to each side of the central sep- 

40 turn. The resulting similar masses at ends 70. 72 of 
the lumens will cool and shrink equally so that the 
tip will remain concentric about the central or IV 
lumen 54. This will result in a well formed tapered 
tip. 

45 . The method of manufacture of the trident- 
shaped branching connector 30 and reinforcing 
portion 42 is similar to that described in applicant 1 s 
US. Patent No. 4.682.978 issued on July 28. 1987. 
K will of course be evident that the present struc- 

50 ture requires three openings whereas two were 
used In the patent. This change is effected simply 
by adding a third shaped mandrel and following the 
procedure taught in that patent 

In use. as mentioned above, the catheter 20 is 

55 inserted such that it points downstream in the pa- 
tient's vein, that is. the extraction aperture 44 are 
upstream of the return apertures 45. which, in turn, 
are upstream of the IV tip aperture 64. When a 
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treatment is in progress the extraction tubes 32, 34 
are connected to a dialysis machine which draws 
blood through the extraction lumen 50 and returns 
it through return lumen 52 in a similar manner to a 
conventional dual lumen cannula. Between blood 
treatments the lumens may be filled with a heparin 
solution to prevent them from being filled with 
clotted blood. However. H the patient requires 
medication or is required to give blood between 
treatments the IV lumen 54 may be used. This 
avoids the trauma and discomfort of the inserting a 
further needle or catheter into the patient and does 
not disturb the heparin lock. 

Between uses the third lumen may be filled 
with a relatively small volume of heparin or may be 
occupied by cylindrical solid and flexible patency 
obturator, similar to guide wire 21. This obturator 
prevents the entrance of blood into the lumen and 
thus eliminates the need for heparin In the third 
lumen. Generally, It will be easier to keep the third 
lumen free of blood due to its smaller cross-sec- 
tion, regular shape and absence of side holes. 

In addition to this advantage the centrally lo- 
cated lumen offers considerable advantages for 
insertion and removal of the catheter. As there are 
no sideholes in the lumen, "J" ended guide wires 
may be used without the possibility that the 
guidewire will exit through a sidehole, rather than 
the end aperture. In addition, because it is easier to 
keep the smaller lumen free of clotted blood, it 
should be possible to use a guidewire to replace a 
catheter which has clotted blood in the blood 
lumens without dislodging any blood clots which 
may have accumulated in the blood lumens. This 
would be done by first entering the SeWinger wire 
into the third lumen of the catheter in place in the 
vein, withdrawing this catheter over the wire leaving 
the wire in place, and then using the wire to guide 
a replacement catheter over the guide wire. 

The exemplary catheter described with refer- 
ence to the drawings does not have the proportions 
of a haemodialysis catheter. As mentioned pre- 
viously, the description is exemplary and in prac- 
tice, if the catheter is to be used in the subclavian 
vein it will have proportions as follows. The central 
lumen will have a diameter of about 1mm (0.04 
inches) to receive a Seldinger wire of diameter 
0.97mm (-038 inches) or 0.91mm (.036 inches). 
The walls about the central lumen and forming the 
septum will be about 0.25 mm . (0.010 inches) in 
thickness and will blend into the outer wall which is 
about 0.33 mm (0.013 inches) in thickness. Trie 
outer diameter of the body 26 will be 3.78mm 
(0.149 inches) and this will give an area available 
for blood flow in the lumens of about 3.01 sq.mm 
(0048 square inches). The flow rate will be ap- 
proximately 237 millilitres per minute using ac- 
cepted pressures to drive the blood through the 



lumens. 

Clearly catheters can be made with a variety of 
proportions depending upon the use and structures 
defined by the claims and incorportlng the.descrip- 

6 tion are within the scope of the invention. 

The tip structure shown in Fig. 3 can be made 
in a number of ways. An alternative is shown In 
Figs. 7 and 8. For ease of reference the reference 
numerals used in relation to these figures cor- 

io respond to those used above prefixed with the 
numeral 1. The distal end 128 and tip 129 of a 
catheter has inserts 156, 160 which extend to fill 
the unused portions of the extraction and return 
lumens. The inserts are entered in the lumens 150, 

15 1 52 and may be affixed therein by a solvent When 
the end 128 is heated in the mould 168 the inserts 
156, 160 are softened and deformed and the outer 
wall 146 collapes to merge with the septum 148. 
The leading ends of the inserts 156. 160, also 

20 merge with the septum 148. The resulting catheter 
has an appearance similar to the catheter de- 
scribed above but will a strffer leading end. 

It will be evident that the form of the Inserts 
can vary. For instance the ends originally near the 

26 end 128 could be thinned to allow for easier de- 
formation of the extrusion into the shape shown in 
Fig. 7. 

The catheters illustrated and described above 
feature septums having a bulbous middle portion to 
30 accommodate the IV lumen. However, the catheter 
of the invention is not limited to this particular 
cross-section and fig. 9 shows an alternative 
cross-section. For ease of reference the numerals 
used in relation to this figure correspond to those 
35 used to describe the preferred embodiment prefix- 
ed with the numeral 2. The catheter illustrated has 
a septum 248 with planar sides such that the 
extraction and return lumens 250, 252 have a D- 
shaped cross-section. This thicker septum 248 re- 
40 quires the use of more material to form the cath- 
eter and also reduces the ratio between the cross- 
sectional area of the extraction and return lumens 
and the cross-sectional area of the catheter. How- 
ever there may be uses above where this cross- 
es section is advantageous, for instance where the 
outer diameter of the catheter body is less critical 
then it is when used in a vein for haemodialysis. 

Reference is now made to Fig. 10 to describe 
a moulded plug of polyurethane for use in making 
so tips. This plug has end pieces 200,202 shaped to 
fit snugly in the lumens 50, 52 (fig. 3). The end 
pieces are attached to respective spacers 204,206 
which depend from a hub 208 at respective weak- 
ened joints 210,212. The hub has a central opening 
55 214 matching the third lumen 54 so that the wire 
used in moulding can be used to locate the hub 
centrally. 
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The procedure, when using the plug of Fig. 10. 
is to first bend the spacers 204.206 about the joints 
210 212 so that the end pieces 200,202 come 
together for insertion in the end of the extruded 
body 26. Tne pieces are pushed home with solvent 
until the hub 208 meets the end of the body. The 
pieces 200.202 will then automatically be in the 
required positions controlled by the lengths of the 
spacers 204,206. Moulding then proceeds as be- 
fore so that the hub and adjacent parts of the 
spacers wifl become integral portions of the tip. A 
further embodiment is shown in Hg. 11. This struc- 
ture includes a separate moulded tip 216 prefer- 
ably of poryurethane, which is engaged in and 
bonded to the end the extrusion. The tip 216 has 
an outer conical form and defines a central opening 
218 forming a continuation of the third lumen 220. 
A pair of extensions 222. 224 are shaped to fit in 
the respective lumens 226. 228 and have lengths 
to match the positions of the apertures 230. 232 in 
the side wall of the lumens. The ends of the 
extensions are preferably shaped to meet the ap- 
ertures and complement the natural flow patterns 
so that dead spaces will be minimized if not elimi- 
nated. , 

The structure shown in Fig. 11 can also be 
partly formed by heating in a mould to blend the 
joint between the tip and the extrusion. This tech- 
nique can also be used to part form the assembly 
to improve the tip H necessary. 

The method of shaping the end is described as 
utilizing radio frequency heating devices to soften 
the plastic material. This is intended to be illustra- 
tive of a softening technique, and other techniques, 
for example, the use of electrical heating elements, 
are equally effective/ 

The third method of manufacturing the tip is 
illustrated in Hg. 12. Numerate corresponding to 
those used « Rg. 3 will be repeated with a prefix 
"3". 

In this embodiment, a body 326 receives an 
extension piece 400 shaped to fit roughly on the 
end of the body and having a projection 402 of the 
shape needed as a continuation of the central 
aperture or third lumen. The parts are located 
relative to one another by a central rod 404 within 
two halves 406. 408 of a heated dye shaped to 
correspond to the tip shape shown in Fig. 3. This 
shape can of course be modified to provide varying 
ends on the catheter depending upon the desired 

configuration. 

The body 326 receives first and second man- 
drels 410, 412 shaped to fit within the lumens 350. 
352 and i>ositioned so that material flowing under 
the influence of the heat will engage with the ends 
of the mandrels in a fashion corresponding to the 
plugs 56, 60 shown in Fig. 3. The result will be 
continuous material from the distal end of the cath- 



eter to the ends of the mandrels 410, 412. The 
shaping can be seen in Rg. 3 but without the 
spacing between the plugs 56, 60 and the solid 
end of the catheter. 

6 Under the influence of heat, the material of the 

body 326 and extension 400 will flow and be 
shaped by the closing dye haves 406, 408. The 
necessary quantity of material required to complete 
the shape can be augmented by the provision of 

io plugs in the lumens 350, 352 of a material which 
will also flow under the influence of heat However 
with some care in design, it is possible to complete 
the tip without the use of these plugs. 

Tbe structure shown in Fig. 12 has the advan- 

T5 tage that the extension 400 can be of any duro- 
meter hardness required consistent of course with 
the material matching that of the body 326. Con- 
sequently *rt is possible to create a dfotal end on 
the tip having different characteristic from the main 

20 body. The very end of the catheter can be quite 
soft so that when it is inserted, it will have minimal 
strength and therefore reduce the risk of damage 
to the wall of the vein after Insertion. Such a tip 
may well make it possible to leave the catheter in 

26 place for longer periods than would be possible 
with a tip having a stiff end. 

rt will be appreciated that various other modi- 
fications may be made to the catheter, and to the 
processes for making parts of the catheter as de- 

30 scribed, without departing from the scope of the 
invention. For example, the material used to form 
the tube and inserts may be any suitable medical 
grade thermoplastic. Also, the positioning of the 
apertures and the number of apertures is to some 

as extent a matter of choice and the length of the 
conical tip can be varied to include apertures in the 
wall of the tip. While such a structure Is more 
complicated to make, the flow pattern would be 
advantageous. 

40 The catheters described have been made pref- 

erably from thermoplastics materials. In some in- 
stances it may be preferable to use thermosetting 
materials such as silicones and of course the struc- 
ture will have to be made without the therm ofor- 

46 ming steps. One possibility is to use the method 
described with reference to Rg. 11 which involves 
the use of a separate end piece attached to the 
body to form the tip. As a result the material of the 
body and tip can be thermosetting rather than 

so thermosoftening. Similar structures are within the 
scope of the invention. 

It should also be noted that although the cath- 
eter has been described in use in haemodyalsrs in 
a subclavian vein, rt would also be appreciated that 

55 it can be used in both femoral and jugular veins, 
and can also be used in other blood treatments 
including apheresis. haemoperfusion and non-blood 
related treatments involving nutrition and drug ther- 
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apies. 
Claims 

1 A catheter having a flexible elongate body 
(26) extending about a longitudinal axis and 
having a distal end with a tapered tip (29) and 
a proximal end. the body defining first and 
second lumens (50, 52) extending longitudi- 
nally, said two lumens (50. 52) having similar 
shapes in cross-section and terminate at re- 
spective apertures (44.45) in the side of the 
body and characterised in that a third lumen 
(54) extends centrally along the axis of the 
body and ends at the tip. the third lumen being 
smaller in cross-section than the other two 
lumens and being proportioned to slidabry re- 
ceive a Seldinger wire (21 ) for insertioft. 

2. A multiple lumen catheter as claimed in daim 
1 in which the flexible elongate body is cylin- 
drical. 

£ A multiple lumen catheter as claimed in claim 
1 in which the tapered tip is conical. 

4. A multiple lumen catheter as claimed In claim 
1 in which the tapered tip includes a con- 
centration of material (72). 

5. a multiple lumen catheter as claimed in claim 
1 in which the flexible elongate body is formed 
as an extrusion. 

6. A multiple lumen catheter as claimed in claim 
1 in which the flexible elongate body has a 
smooth external surface. 

7 A multiple lumen catheter as claimed in claim 
1 in which the first and second lumens are 
blocked short of the distal end by inserts (56. 
60) affixed in the lumens. 

a A multiple lumen catheter as claimed in claim 
7 in which the inserts combine with the conver- 
gence of the outer wall and the septum to fill 
the spaces between the apertures and the dis- 
tal end of the catheter. 

9. A multiple lumen catheter as claimed in claim 
7 in which the first lumen is blocked further 
from the distal end than the second lumen. 

m A multiple lumen catheter as claimed in claim 
1 in which the first and second apertures have 
scaphoid margins. 



20 



11. A multiple lumen catheter as claimed in claim 
1 in which the first aperture Is located further 
from the distal end than the second aperture. 

12. A multiple lumen catheter as claimed In claim 
1 in which a plurality of first apertures (44) are 
provided for fluid communication between the 
first lumen and the exterior of the body. 

13. A multiple lumen catheter as claimed in claim 
1 in which the second aperture is located adja- 
cent the tapered tip, 

14. A multiple lumen catheter as claimed in claim 
1 in which a plurality of second apertures (45) 
are provided for fluid communication between 
the second lumen and the exterior of the body. 

15. A multiple lumen catheter as claimed In claim 
1 in which the septum has a bulbous middle 
portion (53) to accommodate the third lumen. 



16. A multiple lumen catheter as claimed In claim 
1 in which the septum has planar side portions 

as and the first and second lumens have re- 

shaped cross-sections. 

17. A multiple lumen catheter as claimed in claim 
1 in which the body terminates at its proximal 

3o end in a generally trident-shaped connector 

<30). 

18. a multiple lumen catheter as claimed in claim 
17 in which the proximal ends of the first and 

35 second lumens are flared outwardly and terml- 

, nate in respective first and second circular 
apertures. 

19. A multiple lumen catheter as claimed in claim 
40 17 in which the proximal ends of the first 

second and third lumens are coupled to re- 
spective first, second and third tubes. 

20. A method of manufacturing a catheter (20) 
45 having three lumens (50.52,54), a conical ta- 
pered tip (29) with an end aperture concentric 
with the main catheter body, in which the 
method includes the steps: 

providing a flexible elongate body (26) ex- 
50 tending about a longitudinal axis having a dis- 

tal end. a proximal end. an outer wall (46), a 
septum (48) extending between spaced points 
on the outer wall to define first and second 
lumens (50.52). and a portion of the septum 
55 defining a third lumen (54) extending centrally 

along the longitudinal axis, the lumens extend- 
ing from the proximal end to the distal end; 

placing inserts (56.60) one in each of the 



8 



15 



EP 0 322 225 B1 



16 



respective first and second lumens adjacent 
the distal end. to terminate these lumens; 

inserting a straight wire (66) in the third 
lumen to extend beyond the distal end of the 
body; 

inserting the distal end of the body in a 
conical tapering mould (68) having a centrally 
located aperture to receive the wire; 

softening the distal end of the body in the 
mould such that the dista] end deforms to a 
conical shape, the outer wall of the body merg- 
ing with the septum to close the first and 
second lumens; and 

forming openings (44.45) in the outer wall 
immediately adjacent the inserts and towards 
the proximal end. 

21. A method of manufacturing a multiple (umen 
" catheter as claimed in claim 19 in which in- 
serts are affixed in the first and second 
lumens, axially spaced from the distal end. 

PatentansprUche 

1. Katheter mit einem flexiblen Ungskdrper (26), 
der sich Uber die Langsachse erstreckt und ein 
vorderes Ende mit einer sich verjOngenden 
Sprtze (29) und ein hinteres Ende hat. wobei 
der K6rper erste und zweite Lumen (50, 52) 
bildet. die ISngs verlaufen, wobei die beiden 
Lumen (50, 52) im Guerschnitt eine ahnliche 
Form haben und an entsprechenden Offnun- 
gen (44. 45) in der Seite.des Kdrpers enden. 
dadurch kennzeichnet daB sich ein drittes Ui- 
men (54) in der Mitte ISngs der Achse des 
K6rpers erstreckt und an der Sprtze endet. 
wobei das dritte Lumen einen Weineren Quer- 
schnitt als die beiden anderen Lumen hat und 
so proportioniert 1st daB es gleitend einen Sel- 
dinger-Draht (21) zur EinfUhrung aufnehmen 
kann. 

2. Mehrlumiger Katheter nach Anspruch 1, bei 
dem der flexible LangskSrper zylindrisch ist. 

3. Mehrlumiger Katheter nach Anspruch 1, bei 
dem die sich verjOngende Spitze konisch ist. 

4. Mehrlumiger Katheter nach Anspruch 1. bei 
dem die sich verjOngende Spitze eine Material- 
konzentration (72) einschjieBt. 

5. Mehrlumiger Katheter nach Anspruch 1, bei 
dem der flexible LangskSrper als ein Strang- 
preBteil hergesteltt wird. 

6. Mehrlumiger Katheter nach Anspruch 1. bei 
dem der flexible IJingskdrper eine glatte Au- 



Benflache hat 

7. Mehrlumiger Katheter nach Anspruch 1..tei 
dem das erste und das zweite Lumen kurz w 
6 dem vorderen Ende durch Einlagen (56, fiS). 

tfe in den Lumen befestigt werden, blocfet 
werden. 

a Mehrlumiger Katheter nach Anspruch 7, bei 
10 dem sich die Einlagen mit der Konvergenzi&r 

AuBenwand und der Scheidewand verbirMter* 
urn die RSume zwischen den Offnungen msd 
dem vorderen Ende des Katheters zu fallen. 

is 9. Mehrlumiger Katheter nach Anspruch 7, bei 
dem das ersten Lumen in grdBerer Entfemoog 
vom vorderen Ende blockiert wird aJs dte 
zweite Lumen. 

20 10. Mehrlumiger Katheter nach Anspruch 1. bei 
dem die erste und die zweite Offnung scaptam- 
de Render haben. 

11. Mehrlumiger Katheter nach Anspruch 1. Ira 
26 dem die erste Offnung wefter vom vorderen 

Ende entfernt ist aJs die zweite Offnung. 

1Z Mehrlumiger Katheter nach Anspruch 1, bei 
dem eine Vielzahl erster Offnungen (44) fOr dfe 
30 Ruid-Kommunikation zwischen dem ersten l*r 

men und dem AuBeren des KSrpers berengp- 
steHt wird. 

13l Mehrlumiger Katheter nach Anspruch 1, bei 
35 dem die zweite Offnung an die sich verjOng» 

de Spitze angrenzt. 

14- Mehrlumiger Katheter nach Anspruch 1, bei 
dem eine Vielzahl zweiter Offnungen (45) fib 
40 tfe Ruid-Kommunikation zwischen dem zwei- 

ten Lumen und dem AuBeren des Ko*rpaw 
berettgestelh wird. 

15. Mehrlumiger Katheter nach Anspnjch 1, bei 
45 dem die Scheidewand einen wulstformigen 

rmttleren Abschnitt (53) hat, urn das dritte Lu- 
men aufzunehmen. 

16. Mehrlumiger Katheter nach Anspruch 1, bei 
so dem die Scheidewand plane SeitenabschnBle 

hal und das erste und das zweite Lumen einen 
D-fdrmigen Guerschnitt haben. 

17. Mehrlumiger Katheter nach Anspruch 1. bei 
55 dem der Korper an seinem hinteren Ende in 

einem allgemein dreizackig geformteh Vert** 
dungsstOck (30) endet- 
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ia Mehriumiger Katheter nach Anspruch 17, bei 
dem die hinteren Enden des ersten und des 
zweiten Lumens auBen aufgeweitet sind und In 
entsprechenden ersten und zweiten kreis«5rmi- 
gen Dffnungeri enden. 

19. Mehrlumiger Katheter nach Anspruch 17. bei 
dem die hinteren Enden des ersten, zweiten 
und dritten Lumens jeweils mit dem ersten. 
zweiten und dritten RBhrchen verbunden sind. 

2a Verfahren zur Herstellung eines Katheters (20). 
der drei Lumen (50. 52. 54). eine sich verjUn- 
aende konisch SpiUe (29) mrt einer End?ff- 
nung hat, die mit dem HauptkSrper des Kathe-. 
ters konzentrisch ist. wobei das Verfahren fol- 
gende Schritte einschlieat 

Bereitstellung eines fiexiblen Langskttrpers 
(26) der sich Ober eine LSngsachse erstreckt 
und ein vorderes Ende. ein hinteres Ende. eine 
AuBenwand (46). eine Scheidewand (48) hat. 
die sfch zwischen voneinander getrennten 
Punkten auf der AuBenwand erstreckt. urn er- 
ste und zweite Lumen (50. 52) zu bilden. und 
wobei ein Abschnitt der Scheidewand ein drit- 
tes Lumen (54) bildet, das sich in der Mitte 
langs der LSngsachse erstreckt. wobei sich die 

Lumen vom hinteren Ende zum vorderen Ende 

erstrecken; „ . ■ /tza 

Bnbringen von jeweils einer Emlage (56. 
60) in jedes der entsprechenden ersten und 
zweiten Lumen, angrenzend an das vordere 
Ende. urn diese Lumen abzuschlieflen; 

BrrfOhren eines geraden Drahtes (66) In 
das dritte Lumen, so dafl dieser Ober das 
vordere Ende des KBrpers hinaus vorsteht; 

BnfOhren des vorderen Endes des Kdr- 
pers in eine sich konisch verjUngende Form 
(68). die eine in der Mitte angeordnete Oflnung 
hat.um den Draht aufzunehmen; 

Erweichen des vorderen Endes des Kor- 
pers in der Form, so daB das vordere Ende zu 
einer konischen Form verforrnt wird. wobei die 
AuBenwand des Kbrpers mit der Scheidewand 
verschmilzt. urn das erste und zweite Lumen 
zu schtieBen; und . 

AusfOhren von Sffhungen (44. 45) in der 
AuBenwand unmittelbar neben den Einlagen 
und zum hinteren Ende hin. 

21 Verfahren zur Herstellung eines mehrlumigen 
" Katheters nach Anspruch 19. bei dem die Ein- 
lagen im ersten und im zweiten Lumen in 
LSngsrichtung im Abstand zum vorderen Ende 
bef estigt werden. 



Revendlcatlone 

1. Catheter possSdant un corps allong6 flexible 
(26), s^tendant autour d'un axe longitudinal et 

6 comportant une extnSmitS distale avec un bout 

eii\\6 (29) ainsi qu'une extnSmM proximate, le 
corps definissant des premiere el deuxieme 
lumieres (50, 52). s'Stendant de facon tongitu- 
dinale. lesdites deux lumieres (50. 52) avert 

,o des formes de section similaires et se termi- 

nant au niveau d'ouvertures respectives (44, 
45) dans le c6t6 du corps. caract6ris6 en ce 
qu f une troisieme lumiere (54) s'Stend central* 
ment le long de Paxe du corps et se termine 

, 6 au niveau du bout, la troisieme lumiere ayant 

une section plus petite que les deux autres 
lumieres et 6tant dimensionnee de sorte a 
recevoir par glissement un » Seldina,er (21) 
pour (Insertion. 

30 2. Catheter a lumieres multiples selon la revendi- 
cation 1. dans lequel le corps allonge* flexible 
est cylindrique. 

2s a Catheter a lumieres multiples selon la revendl- 
cation 1. dans lequel le bout effifc est conique. 

4. Catheter a lumieres multiples seton la revendt- 
cation 1. dans lequel le bout effifc englobe une 
30 concentration de mate'riau (72). 

6. Catheter a lumieres multiples selon la revendi- 
cation 1, dans lequel le corps allonge" flexible 
est forme" par extrusion. 

35 

6. Catheter a lumieres multiples seton la revemfi- 
cation 1. dans lequel le corps allonge" flexible 
comporte une surface extSrieure ttsse. 

40 7. Catheter a lumieres multiples selon la revendi- 
cation 1. dans lequel les premiere et deuxieme 
lumieres sont bloquees peu avant rextremite* 
distale par des ek§ merits dlnsertlpn ($6, 60) 
fixSes dans les lumieres. 

46 a Catheter a lumieres multiples selon la revendi- 
cation 7, dans lequel les Elements d'insertion 
se combinent avec la convergence de la paroi 
exteVieure et du septum pour remplir I'espace 

co entre ies ouvertures et I'extremitS distale du 

catheter. 

a Catheter a lumieres multiples seton la revendi- 
cation 7. dans lequel la premiere lumiere est 
55 bloquee plus loin de rextremte distale que la 

deuxieme lumiere. 
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10. Catheter a lumieres multiples selon la revendh- 
cation 1 , dans lequel les premiere et deuxieme 
ouvertures ont des bordures scaphoTdes. 

11. Catheter a lumieres multiples selon la revendi- 6 
cation 1, dans lequel la premiere ouverture est 
agenc^e plus loin de I'extremitS distale que la 
deuxieme ouverture. 

12. Catheter a lumieres multiples selon la revendi- 10 
cation i. dans lequel plusieurs premieres ou- 
vertures (44) sont prdvues pour £tablir una 
communication de fluide entre la premiere lu- 
miere et I'extfrieur du corps. 

15 

13. Catheter a lumieres multiples selon la revendi- 
cation 1, dans lequel la deuxieme ouverture 
est agencee pres du bout effil6. 

14. Catheter a lumieres multiples selon la revendi- 20 
cation 1, dans lequel plusieurs deuxiemes ou- 
vertures (45) sont prevues pour £tablir une 
communication de fluide entre la deuxieme 
lumiere et I'extSrieur du corps. 

26 

15. Catheter a lumieres multiples selon la revendi- 
cation 1, dans lequel le septum comporte une 
partie m^diane en forme de bulbe (53) pour 
('adaptation de la troisieme lumiere. 

30 

16. Catheter a lumieres multiples selon la revendi- 
cation 1, dans lequel le septum comporte des 
parties lateVales planes, les premiere et 
deuxieme lumieres ayant des sections en for- 
me deD. 35 

17. Catheter a lumieres multiples selon la revendi- 
cation 1, dans lequel le corps se termine au 
niveau de son extremity proximate dans un 
connecteur ayant geneValement une forme en 40 
trident (30). 

1a Catheter a lumieres multiples selon la revendi- 
cation 17, dans lequel les extnfmites proxima- 
tes des premiere et deuxieme lumieres sont 46 
evasees vers I'exteVieur et se termlnent dans 
les premieres et deuxiemes ouvertures cir- 
culaires respectives. 

19. Catheter a lumieres multiples selon la revendi- so 
cation 17, dans lequel les extrdmites proxima- 
les des premiere, deuxieme et troisieme lumie- 
res sont couples respectivement aux premier, 
deuxieme et troisieme tubes. 

20 Procede* de fabrication d'un catheter (20) com- 
" portant trois lumieres (50, 52. 54), un bout 
effile- conique (29) avec une ouverture d'extrS- 



mfte* concentrique par rapport au corps prince 
pal du catheter, le proc6de ehgiobant les && 
pes ci-dessous: 

fourniture d'un corps allonge flexible £S) 
s^tendant autour d'un axe longitudinal, a^rt 
une extrgmite' distale. une extnSmite* proximo 
une paroi ext^rieure (46), un septum fffi) 
s'etendant entre des points espaces sur ta 
paroi extSrieure pour ddfinir des premiere et 
deuxieme lumieres (50, 52), une partie du sepr 
turn d^finissant une troisieme lumiere <54V 
s'etendant centralement le long de I'axe lon& 
tuolnal. les lumieres s'etendant de I'extrenflg 
proximate a rextr6mite* distale; 

mise en place d'6l6ments desertion 0$ 
60) dans chacune des premiere et deuxiewe 
lumieres respectives pres de I'extnSmitB' distoto 
pour obturer ces lumieres; 

insertion d'un fil droit (66) dans la trotaft- 
me lumiere, ce fil s'&endant au-dela de n»- 
tnWrte* distale du corps; 

insertion de rextr6mite* distale du conpa 
dans un moule conique affile) (68) comportaot 
une ouverture a agencement central pour reee* 
voir le fil; 

ramollissement de I'extnimitS distale <te 
corps dans le moule. de sorte que rextremftS 
distale se deforme en une forme conique, te 
paroi extSrieure du corps convergeant avec to 
septum pour obturer les premiere et deuxieme 
lumieres; et 

formation d'oiivertures (44. 45) dans taps* 
roi exteneure, immediatement a c6t6 des ele- 
ments d'insertion et en direction de rextr6m*& 
proximate. 

21. ProcSde* de fabrication d'un catheter a lun*- 
res multiples selon la revendication 19, dans 
lequel des elements d'insertioh sont fix6s dans 
les premiere et deuxieme lumieres et sort 
espac6s axialement de ('extr^mite* distale. 
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